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INTRODUCTION 

There is some diserimination in tho eastern markets a= 
gainst eggs from the middle west which frequently heve yolks 
of a deep yollow colors This appears to be essentially a 
dealer rather than ea consumer preference, although there is 
also « demand by Jowish consumers for egge of uniform light 
colored yolks. This discrimination results in a decided fie 
nenotal loss to the egg producers of the middle west. In: 
connection with a cooperative project (Departmont of Poultry 
Husbandry, Chemistry Department and Department of Home 
Beonomies) for the snvectigation of this problem, it seemed 
desirable to study the vitamin A content of the ege yolk, 
often associated with color. — 


REVIEW OF LITERATURE 


Eges have beon recognised as a source of the growth pro+ 
moting factor, vitamin A, evr since this vitamin was first 
studied. In 19135 McCollum and Davie (1) reported that cen 
tain lipins are necessary in the diet during the growth of 
experimental animals. It was founi thet the ether extracts 
of butter or ege contain some organic complex without which 
the animals cannot make further increase in body weight bat 
may maintain themselves in a fairly good nutritive state for 


a prolonged periods 

at about the samo time Osborne and Mendel (2) reported 
that, on a ration containing 16 per cont ogg yolk fat, rate 
grow from small sise to adult proportions in the usual 
periods Growth contimed for more then 500 days ‘Such a 
ration appeared to be adequate in every way for the continued — 
mitritive necds of the species. 

‘In 1924 Murphy end Jones (3) working on the vitamin A 

content of frosh eggs, found that the weight increaso of 
- pats receiving Os gram of whole egg was nearly identical 
with that of those receiving 0.25 gram and not for below that 
of those receiving even O65 gram daily. fhe study revealed 
that about 0625 gram of whole egg vas required daily to cure 
rete of xorophthalmia, and O65 to 0675 gram daily to restore 
norma? woighte Since the yolke compose about 55 per cent of 
whole eae, Os75 gram, O«50 grom and 0425 gram of whole ogg 
would then be equivelent to 0626 grams Oel7 gram, and 0.086 
gram, respectively, of yollts 

As reported by Bethke, Kennard, and Sassaman (4) in 
1926, the fat soluble vitamin A content of the yolk of hon's 
ege fe greatly influenced by the ration and by environment 
_ of the laying hene Yolk of eggs leid by hens which had 
aecess to a blueegrass range were approximately five tines 
as potent in vitamin A as the yolks of oges laid by hens 


which recoived the same basal mash tut were confined indoors. 
fhe addition of alfalfa hay to tho basal mash proved of some 
benefit in inereasing the vitamin A content, ‘The fooding of 
2 parts cod liver of1 im the mash eccounted for an approxi« 
mate fiveefold inerease in vitamin A content of the eg¢ 
yolks. 

Jones, iturphy and Mooller (5) reported that daily feede 
ings of 0.6265 gram of whole egg which hed been stored for 9 
years in a frozen condition were found to be as effective as 
 $veoh eggs tn curing xorophthelmias Bven O61 gran datly 
censed noticesble improvement in the sore eyes, arrested the 
decline in weight of the animal and caused a moderate ree 
sumption of growth which lasted for 2 te & weeks. 
so (6) stated that the chemical changes occurring in 
the Chinese preserved duck's eggs have little or no dele= 
terious effect upon the stability of vitamin As “Piden” 1s 
nade from raw duck's eggs, high in vitemins A, By end Dy by 
applying a mixture of slaked Lime, straw ash, s0da, table 
Salt, and waters 

Reeently the Texas Agricultural Experiment Station (7) 
published results of the resesrch of Sherwood and Praps on 
"The quantities of vitamin A required by pullets for maine 
tenance and for egg production," The estimation was made by 
feeding 5 groups of laying pullets daily an average of 270 


units, 120 unite or 0 unite of vitamin A in yellow corns In 
all 3 groups the vitamin A ef the yolk of the eggs decreased 
from about 20 units por gram te 6 to 8 unite toward the ond 
of the 6} month period, whieh shows that none ef the pullets 
received sufficiont vitamin A to maintain a high potency of 
the eggs. It was estimated thet 1 unit of vitamin A in the 
egg required 6.3 unite in the feed in addition to the maine 
tenence requirements, ‘The authors also suggested that lay» 
ing pullete require green feed to provide sufficient vitamin 
A for maximum ogg production and high vitamin A potency of 
the egete 

Bll&e, Millor, Titus and Beyerly (8) made observations 
on tho vitemin A content of eges produced in connection with 
vitemin 8 and G experivents, They wrote thet the “vitamin A 
content of the eggs was maintained at e high level by the 
addition of cod Liver efl + + « « although the banal diet 
of group B produced eggs which were low in vitemin PB and 
strikingly deficient in the yellow pigments usually asseci= 
ated with vitamin 45" Ho exect vitamin A content was re« 
ported. | 

Coles and plgnent abedics were part of other phases of 
this projett.e However, it may bo mentioned that corotene 
(Cgpligg) and possibly some other plant pignente are now 
usually associated with vitamin A, for which they serve as 


6 


precursors in the animal bodys Moore (9) hes reviewod impore 
‘tent relationships of carotene to vitemin 4, stating that 
earotene is synthesized in the plant, is intensely yollow, 
and gives a greenish biue antimony trichloride (SiClg) reece 
tion at 5000 A® while vitemin A fe stored in the animal body, 
4c almost colorless, and gives a bine antimony trichloride 
reaction at 61006300 A% He also found that in rats the 
liver fat becomes very rich in vitamin A efter liberal 
feedings of carotenes Xanthophyll, an important yellow pige 
mont in egg yolk, has been thoroughly discussed by Palmer 
(20)e “ho naturel pignont characterised by the egg yolk, 
vedy fat, and blood serum of the hen is physiclogically iden 
tical with the carotene and xanthophyll pigsonts ef plants 
with tho latter class of pignents present in by far the 
greater proportions Peeding tests with layinc hens in which 
the pigment of the feed was carotene te the relative exciue 
sion of xanthophyll were without appreciable influence upon 
the anount of pigment carried by the Dleod serum and de} 
posited in the egg yolk, ‘The feedin: »ations reletively free 
from both eerotene and xanthophyll to leying hens resulted 
in a marked reduction of the amount of this pigment carried 
by the blood serum and deposited in tho ege yolis j§ The 
exporimonts reported find practical application in the con» 
trol of the ‘flesh (bedy fat) of fattening poultry, and the 


control of the amount of naturel pigment deposited in the 
egg yolks” 


For these experiments vitamin A determinations were 
made aecording to the biological method of Sherman and Mune 
6011 (11).« The modified Aefree diet was used as follows? 


aiet 
per cent per cont 
Aefree casein (extracted) — 20 18 
Starch 70 (irrediated) 67 
Yeast & 10 
Osborne & Mendel Salt Mixture 4 4 
Sedium Chloride 2 1 
Viosterol o {as do- 
eribed below) 


Vitamin A was romoved fram the easoin according te Sherman 
and Munsell (12). 

Squibb's viosterol, used to furnish the vitamin D in 
‘the diet, wee fed as reecmmended by the Us Se Pe and Druggiss 
Comittee (12)—6 The amount fod was oquivalont to 3 per cent 
cod liver oll, having a vitamin D value of 100 units per 
gram. The amount used, as calculated from the unite as 
stated on the label, was 0.9 gram viosterol to 1000 grams 
foods ‘The viosterol was dissolved in a smell amount of 


ethor and added to the Aefroe caseing As other ingredicnts 
of the diet were added, each was thoroughly mixed to produce 
a homogenous producte 

Albino rate of Wister stock were used in this labo» 
vatorye Tho breeding animale were fed a diet suggested by 
Sherman and Crocker (13)— It consisted ofs 


Dried whole milk Vs 
Ground whole wheat 2/3 
Sedium chloride 2% of weight of wheat 


The diet was fed gd libitum and animals had access to diss 
tilled water at all timoss At 4 weeks of age the young rate 
were numbered and thoso weighing 35 toe 55 grams wore used in 
these experinonts. 

The Shorman and Munsell (11) A-free dict was used for 
the fore poricd as woll as for the experimental periods 
During the fore poriod the animals were kept in cages with 
raised wirc sereen floors and were weighed st frequent ine 
tervalss The animal was started on experiment whon it had 
felled to gain for a week or had developed xerophthainia. 
“Animale reeching 105 grama in body weight before depletion 
was complete were not used for these experimonts. 
ss After the depletion period litter mates wore distri« 
tuted among the experimental groupse Phe animels were fod 
separately in individual cages set up on praised screens. 


Distilled water in ster%2ised jore wae provided and at all 
times the animale head accese to the A-freo dict. Weighed, 
individuel supplementary portions of eg yolk were fed in 
addition to the A»free diet, 6 deys per week. Attempts were 
meade to determine the amounte necessary to produce gains of 
3S grams per wook or 24 grams in 8 weeks, thie being the unit 
of Shorman and Munsell (21})_ At tho end of the experiment 
or upon the death ef the animal autopsies wore conducted and 
date included with other records | 

The eggs used, together with tho deta concerning thom, 
were provided by the Department of Poultry Husbandry. There 
wore included eggs produced under experimental conditions eas 
well as some purchased in the market for specific examination 
The egg to be fed was placed in a double boiler containing 
wator at 70° Cy The egg was cooked for 18 to 20 minutes, 
the temperature not execoding 90° G» When cool, the egg was 
peeled, the white dise«raed and the yolk mashed thoroughly 
eo that individual portions would be unifornis 

Eggs of four kinds (fable I) were useds 

le “Standard” eggs were produced by hens receiving the 
college poultry farm rations Presh standard egze were ale 
ways available for feedings | 

2s “Light” eggs were produced by hens receiving « 
vation consisting of the following ingredients? white corm, | 


Ration of }Gommeresal flock vehi 8 


Hens ¢tKensas State adn gi : 
sPoultry Farm. 
eee ee grains (evening) seratch grain « none used 
© 
Wheat emm----— aoe lost tiachs 
Mesh mixture: ¢ White corn «68 70 lbs. 


White corn e«« 100 lbse.: Dried butter» 

Wheat wewsenee 100 lbagt milk a 20 lbs, 
Oats «emeweeen 100 lds,? Ground wood 

Neat and bone» t Piber weewwenee 4 LDS, 
seraps eweees 75 1lds.? iter brewers? 

Alfalfa leaf $ yenst wenswemes S lbs, 
mon] «sees 25 lbs.t Cod liver o12 «« 2 lbs, 
Salt A 4 lh@et Salt eowcwenenee 1 1b, 


for Color: 21 78 

and Plae ¢: 

Yolk : 3 

Yolk Hue ; YR 10,29 t ¥ 4.85 more yellow and 
% $ sang tne te red than 
3 


Flavor ¢: 1,64 (eggs lees than 24: 1,56 (eges lees than 24 
: hrs, old) : hrs, 91d) 


TABLE XZ (CONTINUED) 


Bece purchased in os York City « Pg dy cold storage from 


History: 3 it 
in t:Petaluma, CaliforniasLinn, Kansas 
3 : 
Date gathered t About 301619335 s About 3«5-1935 
«  @ghipped East 3; 5=4+1933 : $-10619355 
" arrival, N. Yot _ §016«1938 t Se15«1953 
" purchased, MN, 3 ? 
Ye 501701953 : 51661935 

" peceived, Hane: ’ 
hattan : 5-20-1933 : 32001953 

: 


Nos eggs tested for 3 
Yolk Coler Hy Medium : Dark medium 
| "Golden . 
Yolk Rus ¢ YR 10,97 « similar: YR 7,5 « more 
Hy to the "Stan-: yellow red than 
: dard" egg : Standard" and 


Soda L “ : "California 


69 66 


90 per conts dried tuttermilk, 20 per cents ground wood fiw 
ber, 4 per centy dried brevers* yeact, 5 per cents cod liver 
oily 2 per cont; salt (MaC1),.1 per cents Fresh oggs vere 
used for the feedings 

Se "California" eggs wore produced in Petaluma and were 
purchased in the open market at ware houses in New York Citye 
The eggs were about 3 weeks old when first received for use 
end were held in storage during the experiments 

4 “Kansas” ogga, produced near Linn, Kansas, were ale 
so purchased in New York Citys These ogg: were of about the 
same age es the California eggs and were stored in the 
seme Waye 

Questions concerning the pigments of the ege yolk end 
the effects of the ration of the hen on the coler, flavor 
and pigments of the yolk wore studied in other phases of 
this cooperative project. Color determinations vere mate by 
Wilhelm (14) according to the method of Hickerson (15). 


DISCUSSION 


fable I gives details concerning the eges used in these 
experimentse The eggs produced in Menhatten were always obe 
teined fresh (less than 24 hours old) for feedings. ‘The 
eggs purchased in the open market were necessarily older, as 
indfeated, and were hold in storage at 40° P, until used. 


fhe "Standard" eggs contained yolks which graded medium — 


in color. The “Light” eges, produced by hens receiving a 
ration low in pignents, contained yolks which graded light 
in colors | 3 

The eggs purchased in the open market wore of high 
grade, es indicated. The “Kansas” eges contained yolks of 
uniform medium color, darker then tho "California® eggs. 
fhe "California" EE 10 8 eae ame we 
color of yollte 

Sie Siieihiesiicd indi Gt peie.teideeis aie batt nettle ties 
tween 1650 and 2.00. The figures were used as follows? 

1200 + Perfectly fresh egg (less than 1 hour old). 

_ 2000. Egg yolk slightiy “orf" in flevors 

5000 « Ege yolk distixctly “orf*® in flavors 

4.00 + Beg with bad flavors 

$200 = Rotten eggs 
The average scores of the judges (another phase of the 
_ Cooperative project) revealed only small differences between 
the four groups of oges tested. Averages are given in 
Pable Ie 

Tables If to IX give data concerning experimental anie 
mals fod woighed portions of the yolke of the ogess Average 
figures for body weights at weekly intervals were commuted 
in the usual waye Smphasis was placed on everage live 


TABLE If 


RATS ON VITAMIN AePREE DIET PLUS 0,01 GRAM YOIK OF "STANDARD" EGe 
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TABIS II 
RATS ON VITAMIN AeFREE DIET PLUS 0,08 GRAM YOLK OF "STANDARD" EGo 


Sure 


Veekly weights <« grams 
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TABLE IV 
RATS ON VITAMIN A#PREE DIET PLUS 0.05 GRAM YOLK OF “STANDARD” GG 


Sure 
vival 


Weekly weights «- grams 


RSBZBBSR38E 
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Sggas 85 
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nasaqanages 
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sagsgessace 


3] REBSBISRRAa 


SBRRBRRSESS 


4 
g 


107.24 


: 


105.0 


99.9 105.6 105.0 105.0 101.7 109.35 
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| TABLE VI . 
RATS ON VITAMIN A«FREE DIET P1IUS 0,03 GRAM YOLK OF "CALIFORNIA" EGG 


on 
4 
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VYeekly weights - grams 
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AS38398 
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| 2332588328 
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Average 42.9 29.0 
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TABLE VII 
RATS OW VITAMIN AeFREE DIET PLUS 0,04 GRAN YOIK OF "CALIFORNIA" EGG 
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TABLE VIIZ 
RATS ON VITAMIN A@FPREE DIET PLUS 0,02 GRAH YOLK or "KANSAS" 
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woights. In all cases, the value of body woights obtained 
after death wes questioned, beeamee an animal remaining in 
the cage somo hours after death unavoidably lost much weight 
vy evaporation before the situation vas observed. These 
data were studied according te the eugg¢stions of Sherman 
ané@ Munsell (22), one unit of vitamin A being the amount roe 
quired te produce 3S grams of gain in body weight per week 
during an Geweek period. The theories of Coward (16) were 
also applied, nomelyy that results obtained after 5 or even 
S wooks of feeding may be useds 

fhe "Standerd” ege, fed in portions of 001 gram of 
yolk per day, supplied lese than 1 unit of vitamin 4, for 
few of the animals survived the S-week period. These rats 
exhibited the usual signs of vitamin A deficiency, including 
' paralysis in the hind legs, xerophthaimia and emacietions 
The next portion, 0.02 grem of yolk por day, also supplied 
less than 1 unit, The animals wore in approefebly better 
condition than those receiving the smaller portions In most 
_, @apes they were able to survive the Beweek period of the 
bettor growth, the average figures for live body weights ap- 
prosching closely the Sherman and Munsell (11) standard for 
1 unit of vitamin A, This indicates that the yolk of the 
"standard" egg contained about 30 units of vitemin A per 


OPO. 

fhe “Light” ege, fed in portions of 0,02 gram of yolk 
per day, supplied meh loss than 1 unit of vitamin A, ale 
though many of the animale survived the Geweok periods At 
the beginning of the experiment al] animale made smell 
roguler gains, leading te the supposition that this group 
would grow seccrding to the Sherman and Munsell (11) stan 
Garde Por this reasen no other group was fed, Reoults for 
this group most thercfore be expressed in terns of results 
odtained by feedine various amounts of other err yoll, 
nanoly thet 0002 gram "Light" eee yolx contains about the 
samo vitamin A content as 0.01 gram “Standard” egg yolks 

xenses” ogn, fod in portions of 0.02 gram of yolk per 
Gays cupplied less than 1 unit of vitamin Ae Pou minals 
survived the experinental periede The noxt amount, 0.05 gram, 
enabled the animale te make small roguler weekly gaince Al2 
survived the experimental pericds The total average gains 
for the 8 wooks was nearly 20 groms which approaches closely 
the stendara of Sherman end Mupsoll, ‘Therefore, 0.03 gram | 
yolk supplies nearly 1 unit of vitemin A and 1 grem contains 
measly SO unite of vitamin As» 

Most rate fe6 G.05 gram of “California® ogg yolk delly 
made email weckly gains at the beginning ef the experiment 
and lived through the creator part of the Geweek periods 


Tho average survival was 48 Gayse Animals receiving 0.0¢ 
grem per day made better gains and more frequently survived 
through the entire 8 week poriods Averages for the live 
weights indicate that these animals were roceiving nearly 1 
unit of vitamin A per daye The yolk of the “Calfifornia® 
egg therefore contained a little more than 20 mits of vitae 
min A per gratie 

fhe vitemin A content of the yolks ‘of tho oggs may be 
compared as followst 

le ‘Tho yolk of the “Standard” ogg contained tho largest 
emount of vitamin A, sbout 30 unite per gratis | 

2. The yolk of the "Kansas" ege contained necrly 50 
units per gram, as the average gains after 5 wooks and after 
8S wocke (Coward, 16) were slightly groater, although the 
average gain for the entire Seweek period was less, for the 
same daily portion of 0.05 grams 

Se The "California® oge contained between 20 and 25 
unite of vitemin A per gram of yolk, as 0604 gram portions 
fed daily supply a little less than 1 unite 

4 Tho "Light" eggs supplied smaller amounts of vitae 
min Ag probably ebout half as mmch as the "Standard® ogee 

The "Standera” and the “Kansas” eggs contained vitaxin 
A well im excess of tho 20 units per gram of yolk suggested 
by Sherwood and Fraps (7) as standard. No egg tested was 


as rich in vitemin A as suggested b» Sherman and Smith (17) 
whe report thet “ege as a whole may be expected to contain 
about 18 to 20 units of vitamin A per gramg and the yolk 
about three times this concentrations” 

fable X shows data for negative control animele which 
were used to show that the Giet was deficient in vitamin A 
during the course of the experiment, This procedure also 
served to cheek method, to show whether or not enim1s vere 
being pleased on experiment after the optim amount of deples 
tion. ‘The anixals lost weight rapidly, exhibited the antie 
eipated signs of vitamin A deficiency and died after 25 days 
on the averages 

| Pable XI shows deta for rositive controls, receiving 
defree dict and also 1 gram daily portion of og yolks es 
indicateds In all cases the animals survived the ontire G« 
week pericd of the experiment and made good geins, showing 
that the Asfree dict aid not have deleterious effects in 
other respects. 


 SUMAARY AND CONCLUSIONS 


“Standard” end "Light" eggs, produced at the college 
poultry farm, and "California" and “Kansas oggs, purchased 
in the markets of New York City, wore studied for vitamin A 
content of the yolk, according to the biological method of 
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TABLE XI 
RATS ON VITAMIN A»FREE DIET PLUS 1,00 GRAM YoLK OF “sTANDARD” EGG 


Positive Controls 


Feekly weights < grams 


a 
| RBNAREPRS 2 
FLERE EEE 

$3 


| susesased 


| seahage? 


AaSsagks 


s2ecgeerg 


92.2 104.1 115.2 124.0 154.0 142.9 152.2 157.2 1741 


S8RBhaass 


Average 42,0 35.0 92.2 104.2 115.2 124.0 154.0 142.9 152.2 157.2 174.1 56 


Average « live wte 


Sherman end Munsell (11). The modified Sherman and Munsell 
vitamin Aefree dict was used with viosterol added te supply 
vitamin D. Young rate of guiteble age and size were fed 
this vitemin A»free diet during the eustomary depiction 
period, after which they were placed on experiuent. During 
the experiment they recoived weighed supplementary portions 
of the yolks of eggs to be tested, An egg to be fed was hard 
cooked. ‘The yolk was then removed carefully and portions 
Of OeOLy 0602p 0405 or 0404 gram fod 6 days per wool. 

Composite tables were prepared from data concerning 
the verious groups of animale, These data wore studied 
according to Shermen and Munsell (11), one unit of vitasin A 
bellng the amount required to produce 3 grams of gain in body 
weight per week during an @-woek period. The theories of — 
Coward (26) were also applied to the data, 

Pindings are as follows 

le Distinct differences were foun’ between the vitemin 
A contents of the yolks of the oggs useds 

2. The yolk of the “Standard” egg contained about 50 
unite of vitamin A per gran. The yolk of tho "Kansas" ogg 
contained less vitemin A, nearly 30 unite per gram. The 
“Gelifornia" egg contained about 20«25 units per gram of 
yol. The "Light" ege produced at the college poultry farm 
contained still less vitemin per gram of yolk, probably 


about half as mich as did the "Standard" eges. 
3e uo lots of eggs were found to contain vitemin A 

well in excess of the 20 units per gram of yolk recently : 

suggested es standard by Sherwood and Fraps (7). 
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